
 

 

Introduction 
 
Estrogens play vital roles in the body under both 
physiological and pathological conditions [1, 2]. 
Recently, several groups have shown that the G-
protein coupled estrogen receptor GPR30, now 
called GPER, is able to mediate the rapid ac-
tions of estrogen [3-5], although this concept 
has been questioned by other researchers [6-8]. 
More recent studies have shown that GPER 
plays a role in the function of the nearly every 
system of the body, including the immune sys-
tem, nervous system, skeletal system, renal 
system, cardiovascular system, endocrine sys-
tem and reproductive system [9].  
 
The mechanism by which GPER regulates 
physiological actions in the body is still unclear 
because estrogen is a ligand for both classic 
estrogen receptors (ERα and ERβ) and GPER. It 
is difficult to separate the estrogen actions me-
diated by GPER from those mediated by the 
classic estrogen receptors. A non-steroidal, high

-affinity GPER agonist G-1 (1-[4-(6-bromobenzo
[1,3]dioxol-5yl)-3a,4,5,9b-tetrahydro-3H-
cyclopenta-[c]quinolin-8-yl]-ethanone) has been 
developed to dissect GPER-mediated estrogen 
responses from those mediated by classic estro-
gen receptors [10]. It has been shown that G-1 
binds to GPER, but it does not bind to classical 
estrogen receptors [10]. The selectivity of G-1 
has also been demonstrated by a very recent 
report, which showed that G-1 did not activate 
estrogen response elements (ERE) [11] and that 
it did not bind to 25 other G-protein coupled 
receptors [12]. Activation of GPER by G-1 has 
been shown to increase mobilization of intracel-
lular calcium in GPER overexpressing COS-7 
cells, activate PI3 kinase in SKBR-3 cells (GPER 
positive, ER negative) and MCF7 cells (GPER 
and ER positive), and inhibit migration in both 
SKBR-3 and MCF-7 cell lines [10].  
 
The effects of G-1 on cell survival and prolifera-
tion appear to be cell type specific. For example, 
Balhuizen et al. showed that in mouse pancre-
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atic islets, G-1 was able to abolish cytokine-
induced cell apoptosis [13]. Albanito et al. 
showed that activation of GPR30 by G-1 stimu-
lated proliferation of BG1 and 2008 ovarian 
cancer cells and SKBR-3 breast cancer cells 
[14]. On the contrary, Chan et al. showed that G-
1 suppressed growth of PC-3 cells in a GPER-
dependent manner [15]. Therefore, the function 
of G-1 and G-1-activated GPER under the nor-
mal and pathological conditions need further 
investigation. 
 
The ovarian granulosa cell is the main source 
and also a major target of estrogen. Under 
physiological conditions, ovarian granulosa cells 
convert the androgen produced in the theca 
cells into estrogen [1, 2]. Therefore, granulosa 
cells are exposed to an environment with very 
high level of estrogen [2]. Under pathological 
conditions, such as in patients with granulosa 
cell tumors (GCT), GCT cells produce large 
amount of estrogen leading to symptoms of 
estrogen excess [16]. The role of estrogen in the 
progression of GCT is unclear. One recent study 
with genetically modified mice showed that the 
loss of the classic estrogen receptor ERβ was 
associated with the development of pituitary 
tumors and GCT in aged mice [17]. However, 
the role of GPER in the initiation and develop-
ment of GCT is unknown.  
 
The KGN cell is a well-characterized cell line 
used for the study of GCT [16, 18]. These cells 
were derived from a GCT tumor and maintain 
many features of normal granulosa cells and 
GCT cells [18]. They have ability to respond to  
gonadotropin stimulation and can produce ster-
oid hormones [16, 18]. Therefore, using KGN 
cell as a GCT cellular model and G-1 as a GPER 
agonist, we initiated a study to investigate GPER 
function on GCT cell proliferation. Our results 
showed that knockdown of GPER suppressed 
KGN cell proliferation. Surprisingly, we found 
that G-1, the selective agonist of GPER, sup-
pressed KGN cell proliferation by arresting KGN 
cells in the G2/M phase and inducing KGN cell 
apoptosis regardless of GPER expression. In cell 
lines without GPER expression, G-1 also sup-
pressed cell proliferation, arrested cell cycle 
progression and induced cell apoptosis. These 
novel findings clearly suggest that G-1, the puta-
tive GPER selective agonist, suppressed ovarian 
and breast cancer cell proliferation in a GPER-
independent manner. The ability to inhibit prolif-
eration of tumor cells makes G-1 a promising 
candidate drug for ovarian and breast cancer 

therapy. 
 
Materials and methods 
 
Chemicals 
 
G-1 was purchased from Tocris Bioscience 
(Ellisville, MO). DMEM and other cell culture 
medium were from Invitrogen (Carlsbad, CA). 
FBS was from HyClone laboratories Inc. (Logan, 
UT). Antibodies against GPER and β-tubulin 
were from Sigma (St. Louis, MO). Second anti-
bodies for Western blotting chemiluminescence 
were from Jackson Immunoresearch Laborato-
ries Inc. (West Grove, PA); ECL AdvanceTM West-
ern blotting Detection kit was from GE Health-
care Bio-Science Corp (Piscataway, NJ); Vy-
brant® MTT Assay Kit was from Invitrogen 
(Carlsbad, CA). All other molecular-grade chemi-
cals were purchased from Sigma (St. Louis, 
MO), Fisher (Pittsburgh, PA), or United States 
Biochemical (Cleveland, OH).  
 
Cell lines and culture 
 
The KGN cell line was from the Riken Biosource 
Center (Tsukuba, Japan). The IGROV-1 cell line 
(an ovarian epithelial cancer cell line) was ob-
tained from Dr. Bo Rudea (Massachusetts Gen-
eral Hospital, Boston, MA). The HEK 293 cell 
line (Human Embryonic Kidney cell) and MDA-
MB 231 cell line (human breast cancer cell) 
were purchased from ATCC. Cells were main-
tained in DMEM/F12 medium with 10% FBS 
and incubated at 37°C in a humidified, 5% CO2 
incubator. The media were replaced with phenol 
red-free DMEM supplemented with 10% steroid-
free FBS (from Hyclone, Logan, UT) 24 h before 
treatments. Cells were treated in fresh phenol 
red-free DMEM supplemented with steroid-free 
FBS as indicated in the figure legends.  
 
Western blot detecting GPER protein expression 
in KGN cells 
 
GPER protein was detected by Western blot ac-
cording to a methods used in our laboratory [19, 
20]. Briefly, cultured cell lines were directly 
lysed in the dishes, homogenized by sonicating 
in 100 μl of lysis buffer (10mM Tris PH7.4, 
100mM NaCl, 1mM EDTA, 1mM EGTA, 1mM 
NaF, 20mM Na4P2O7, 1% triton X-100, 10% glyc-
erol, 0.1% SDS and 0.5% deoxycholate) with 
protease inhibitor cocktails and PMSF and kept 
on ice for 20 min. After centrifugation, the su-
pernatant was collected and the protein was 



GPER agonist G-1 suppresses growth of ovarian and breast cancer cells 

 
 
392                                                                                                              Am J Transl Res 2012;4(4):390-402 

measured with Micro BCATM Protein Assay Kit 
(PIERCE, Rockford, IL). Protein (20μg) was frac-
tioned with 10% polyacrylamide gels, electro-
transferred to Optitran membranes and probed 
with the primary antibodies at 4°C for over-
night. Peroxidase conjugated donkey anti-rabbit 
secondary antibodies were applied on the mem-
brane and the bound secondary antibody was 
detected with the Enhanced Chemilumines-
cence (ECL) Advance Western blotting detection 
kit (GE Healthcare). The signal was recorded by 
a UVP gel documentation system (UVP, Upland, 
CA). β-tubulin was used as a loading control.  
 
Cell proliferation and viability assays 
 
To detect the effect of G-1 on ovarian and 
breast cancer cell proliferation, 60% confluent 
cells were incubated in phenol-red free DMEM 
supplement with 10% steroid-free FBS with or 
without G-1 at the indicated concentrations for 
48 or 72 h. Cell number was counted with a 
Countess® Automated Cell Counter (Carlsbad, 
CA).  
 
To detect the effect of GPER on KGN cell prolif-
eration, KGN cells were plated in 6-well cell cul-
ture plates and incubated until 40% confluent. 
Cells were then transfected with siGLO (a la-
beled non-target siRNA as control) or GPER 
siRNA for 6 h using METAFECTENE (Biontex-
USA, San Diego, CA) as a transfection reagent 
according to the manufacturer’s instruction. 
Cells were then incubated in DMEM-10%FBS for 
48 h before G-1 treatment and subsequent de-
termination of cell morphometry and prolifera-
tion.  
 
The MTT assay was used to detect cell viability. 
Cells were plated in 24-well cell culture plates 
and incubated until approximately 70% 
confluent. Cells were then treated with or with-
out G-1 for 24 or 48 h. The MTT assay was per-
formed with a Vybrant® MTT Assay Kit accord-
ing to the manufacture’s instruction. 
 
Flow cytometry detecting the progression of cell 
cycle 
 
Flow cytometry was used to detect the effects of 
G-1 on cell cycle progression. Ovarian and 
breast cancer cells were cultured as described 
above with or without G-1 at the indicated con-
centrations for 24 h. Cells were then 
trypsinized, fixed and permeabilized with 70% 
ethanol overnight at -20°C. Cells were then la-

beled with propidium iodide for 30 min at 37°C 
and analysis was performed by the University of 
Nebraska Medical Center flow cytometry core 
facility.  
 
Caspase 3/7 activity assay 
 
Cell apoptosis was also monitored by detecting 
caspase3/7 activities with a Caspase-Glo® 3/7 
assay kit (Promega, Madison, WI). Ovarian and 
breast cancer cells were treated with DMSO or 
G-1 at the indicated concentrations for 24 h. 
The media were then removed, 100µl of phenol-
red free medium (no serum) and equal volume 
of caspase assay reagent were directly added to 
the culture plate. After shaking for 30 min, the 
luminescence was measured with a FLUOstar 
OPTIMA luminometer.  
 
Statistics 
 
Morphological analysis and Western blot experi-
ments were repeated at least three times and 
representative images were presented. All as-
says were repeated at least three times and the 
quantitative data were analyzed using one-way 
ANOVA with Tukey’s post hoc test. P<0.05 was 
considered significant. 
 
Results 
 
G-1, the putative GPER agonist, suppressed 
KGN cell proliferation 
 
To explore the role of GPER in KGN cells, we 
employed G-1, a selective GPER agonist [9, 10], 
to activate GPER and then monitored cell prolif-
eration. Contrary to previous observations in 
ovarian cancer cells [14], we found that G-1 did 
not stimulate KGN cell proliferation. Low con-
centrations of G1 (1nM to 100nM) had no effect 
on KGN cell number. However, when the con-
centration was higher than 0.5 µM, G-1 signifi-
cantly suppressed KGN cell proliferation (Figure 
1, P<0.05). Treatment of KGN cell with 2 µM of 
G-1 for 72 h reduced cell number to 10% of that 
of control (P<0.001). Treatment with G-1 also 
altered morphology of KGN cells, as shown by 
the appearance of rounded cells. These 
rounded cells underwent cell death and finally 
detached from the culture plate (Figure 1).  
 
Knockdown of GPER also suppressed KGN cell 
proliferation 
 
To confirm that GPER was involved in the G-1 
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regulation of KGN cell proliferation, we knocked 
down GPER expression with GPER siRNA 
(Invitrogen, Grand Island, NY). The transfection 
results showed that more than 95% of KGN 
cells were siGLO positive, suggesting that the 
transfection was very efficient (Figure 2A). West-
ern blot analysis showed significant decreases 
of GPER protein in the GPER siRNA-transfected 
groups compared with that of control groups 
(siRNA alone, the METAFECTENE transfection 
reagent alone or the non-targeting siGLO con-
trol) (Figure 2A). Further experiments showed 
that knockdown of GPER significantly attenu-
ated KGN cell proliferation, as showed by a sig-
nificant decrease (P<0.01) in cell number in the 
GPER knockdown groups (Figure 2B). 
 
Knockdown of GPER did not block G-1 action 
 
There is an obvious discrepancy between the 
results obtained with GPER siRNA and GPER 
agonist G1. One explanation for these contrary 
results is that G-1, the putative GPER agonist, 
may suppress GCT cell proliferation in a GPER-
independent manner. To test this hypothesis, 
we first knocked down GPER with GPER siRNA 
and then treated the GPER-knockdown cells 
with vehicle or 2µM of G-1 for 30h. As expected, 
G-1 treatments induced cell rounding in un-
transfected control cells and the siGLO-
transfected cells. Interestingly, G-1 also induced 
same amount of cell rounding in the GPER 

siRNA-treated cells (Figure 3), suggesting that 
the inhibitory effect of G-1 on KGN cells is not 
dependent on GPER.  
 
G15, a selective GPER antagonist, did not block 
G-1 action 
 
G15 is a recently developed selective GPER 
antagonist and has been shown to block activa-
tion of GPER by G-1 and E2 in different cells [20
-24]. We extended our studies by employing 
G15 to block the action of G-1. G15 (from 
100nm to as high as 4µM) had no effect on 
KGN cell proliferation. Pre-incubation of cells 
with G15, regardless of concentrations, did not 
affect the ability of G-1 to suppress KGN cell 
proliferation (Figure 4). Further experiments 
showed that 24 h treatment with G-1 signifi-
cantly increased caspase 3/7 activity (Figure 
5A) and decreased cell viability in KGN cells 
(Figure 5B), suggesting that G-1 not only sup-
pressed KGN cell proliferation, but also induced 
KGN cell apoptosis. However, pretreatment of 
the cells with different concentrations of G15 
(from 100nM to 4µM), did not attenuate the 
actions of G-1 on the KGN cells (Figure 5). Data 
from the lower concentrations of G15 were not 
shown because no significant effect was ob-
served.  
 
Using flow cytometry, we found that G-1 treat-
ment increased the percentage of cells in G2/M 

Figure 1. Effect of putative GPER agonist G-1 on morphology and proliferation of KGN cells. A) Morphology of KGN 
cells treated with or without different concentrations of G-1 for 72 h. Scale bar: 50µm; B) KGN cells were treated with 
increasing concentrations of G-1 and cell numbers were determined. Bars represent means ± SEM. Bars with differ-
ent letters are significantly (p<0.05) different from each other. The insert in panel B is the chemical structure of G-1 
[10]. 
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 Figure 2. Effect of GPER on 
KGN cell proliferation. A) 
Knockdown of GPER with 
GPER siRNA in KGN cells. The 
upper panel shows siRNA 
transfection efficiency de-
tected by a fluorescein-labeled 
non-target siRNA (siGLO). 
Scale bar: 20µm. Middle panel 
shows GPER protein levels in 
KGN cells after transfection 
(6h) with or without GPER 
siRNA (detected by western 
blot). Lower panel shows the 
relative OD values of GPER 
protein signal. META: META-
FECTENE. B) Effect of GPER 
knockdown on KGN cell prolif-
eration. Upper panel: morphol-
ogy of KGN cells in the control 
(transfected with siGLO) and 
GPER siRNA transfected 
groups. Scale bar: 100µm; 
Lower panel: KGN cell number 
counting. Bars represent 
means ± SEM. *: significantly 
d i f ferent  f rom contro l 
(P<0.05). 

 

Figure 3. Morphology of GPER-knockdown KGN cells with or without G-1 treatments. Ctrl: untreated normal control; 
siGLO: cells transfected with siGLO (transfection control); GPER siRNA: KGN cells transfected with GPER siRNA 
(knockdown control); siGLO+G-1: siGLO transfected KGN cells were treated with 2µM G-1 for 30 h; GPER siRNA +G-1: 
GPER knockdown cells treated with 2µM of G-1 for 30 h. Scale bar: 50µm. 
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phase of the cell cycle and decreased the por-
tion of cells in G1 phase (Figure 6). However, G-
1 treatment did not affect the portion of KGN 
cells in S phase. This suggested that G-1 sup-
pressed KGN cell proliferation by arresting KGN 

cells in G2/M phase (Figure 6). Pre-treatment 
with G15 (4μM) did not reverse the action of G-
1 on KGN cell cycle arrest, further suggesting 
that G-1 suppressed KGN cell proliferation in a 
GPER-independent manner (Figure 6). Lower 

Figure 4. The GPER antagonist G15 does not attenuate the inhibitory effect of G-1 on KGN cell proliferation. A) KGN 
cells were treated with G15 for 4 h prior to treatment with or without G-1 for 48 h and cell morphology was recorded. 
Ctrl: normal KGN cells (negative control); G-1: G-1 (2µM) treated KGN cells (positive control); G15: G15 (4µM) alone 
treated KGN cells; G-1+G15: KGN cells were treated with G-1 (2µM) and G15 (4µM). Scale bar: 50µm. B) Effect of 
G15 on G-1-induced suppression of KGN cell proliferation. Bars represent means ± SEM. Bars with different letters 
are significantly (p<0.05) different from each other.  

Figure 5. The GPER antagonist G15 does not attenuate G-1-induced reduction of KGN cell viability. A) KGN cells were 
treated with G15 for 4 h prior to treatment with or without G-1 for 24 h and caspase 3/7 activity was measured. B) 
KGN cells were treated with G15 for 4 h prior to treatment with or without G-1 for 24 h. KGN cell viability was deter-
mined by MTT assay. Bars represent means ± SEM. Bars with different letters are significantly (p<0.05) different from 
each other. 
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concentrations of G15 also had no effect on G1 
arrest of KGN cell cycle.  
 
G-1 also suppressed cell proliferation in the 
GPER-negative HEK 293 cell lines 
 
HEK-293 cells do not express GPER [3, 25-26]. 
Therefore, we used this cell to confirm the no-
tion that G-1 is capable of suppressing cell pro-
liferation in a GPER-independent manner. We 
observed that G-1 had concentration-dependent 
effects on HEK-293 cell morphology and prolif-
eration. G-1 induced cell rounding of HEK-293 

cells within 12 h of treatment (not shown). G-1 
treatment for 16 h induced cell rounding in 
>70% of HEK-293 cells (Figure 7A). Treatment 
of HEK-293 cells for 60 h with G-1 significantly 
suppressed HEK-293 cell proliferation (Figure 
7B). As observed in experiments with KGN cells, 
G-1 treatment of HEK-293 cells also signifi-
cantly decreased MTT metabolism, suggesting 
that G-1 not only suppressed HEK-293 cell pro-
liferation but also affected the viability of this 
GPER-negative cell line (Figure 7C). Flow cy-
tometry analysis showed that treatment of HEK-
293 cells with G-1 significantly decreased the 

Figure 6. Effect of GPER antagonist G15 on G-1-induced KGN cell cycle arrest. A) KGN cells were pretreated with con-
trol media (Control) or with G15 (4µM) for 4 h prior to treatment for 24 h with or without G-1 (2µM). Cells were fixed 
and processed for flow cytometry. Results are from one of three representative experiments.  



GPER agonist G-1 suppresses growth of ovarian and breast cancer cells 

 
 
397                                                                                                              Am J Transl Res 2012;4(4):390-402 

portion of cells in G1 phase and increased the 
percentage of cells in G2/M phase. At the same 
time, G-1 treatment also induced apoptosis of 
these GPER-negative cells (Figure 8). Interest-
ingly, in HEK-293 cells, G-1 treatment also sig-
nificantly increased the portion of cells in S 
phase. This suggested that in the HEK-293 
cells, G-1 may push cell cycle progression and 
then arrest cells in G2/M phase (Figure 8).  
 
G-1 suppressed cell proliferation in MDA-MB 
231 breast cancer cells 
 
The breast cancer cell line MDA-MB 231 has 
been used by several groups to investigate the 
role of GPER on breast cancer cells because 
this cell line does not express GPER [27, 28] or 
expresses GPER at a very low level [29]. We 
found that MDA-MB 231 cells were more sensi-
tive than KGN cells to G-1 treatment. Treatment 
of MDA-MB 231 cells with G-1 for only 8 h led to 
a rounded cell morphology in ~30% of cells 
(Figure 9A). G-1 treatment for 36 h led to a sig-

nificant decrease in the cell number compared 
with that of vehicle control. G15, at concentra-
tions up to 4 fold greater than that of G-1, had 
no effect on the G-1-induced change of cell mor-
phology and decrease in cell proliferation 
(Figure 9B). These results showed that G-1, in a 
GPER-independent manner, was able to sup-
press cell proliferation not only in GCT cells, but 
also in a breast cancer cell line.  
 
Discussion 
 
Recent studies showed that the novel estrogen 
receptor GPER was associated with different 
cancers [9], including cancers of ovary [14, 30]. 
It has been reported that activation of GPER 
stimulated ovarian cancer cell proliferation [14]. 
Ovarian granulosa cell tumors (GCTs) derive 
from ovarian granulosa cells and possess their 
ability to produce estrogen [16]. Therefore, it is 
reasonable to imply that GPER, a membrane 
estrogen receptor, may play a role in the pro-
gression of GCTs, which are tumors with a very 

Figure 7. Effect of G-1 on the mor-
phology, proliferation and viability of 
GPER-negative HEK-293 cells. A) HEK
-293 cells were treated with or with-
out increasing concentrations of G-1 
for 16 h. Ctrl: normal HEK-293 cells 
(negative control); 0.5µM: 500nM of 
G-1 treated HEK-293 cells; 1µM: 1µM 
of G-1 treated HEK-293 cells; 2µM: 
2µM of G-1 treated HEK-293 cells. 
Scale bar: 50µm. B) HEK-293 cells 
were incubated for 60 h with increas-
ing concentrations of G-1 and cell 
numbers were determined. C) HEK-
293 cells were incubated for 24 h 
with increasing concentrations of G-1 
and cell viability (indicated by MTT 
metabolism) was determined. Bars 
represent means ± SEM, n=3. Bars 
with different letters are significantly 
(p<0.05) different from each other. 
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high recurrence rate and a potential for metas-
tasis [16, 31-33]. Since KGN cell is a well-
studied GCT cell line [16, 18] and G-1 has been 
reported to be a selective GPER agonist, we 
initiated a pilot project to explore the role of 
GPER in GCT cell proliferation by using KGN cell 
and G-1. We found that low concentrations of G-
1 (from 1nM to 500nM) had no effect on KGN 
cell proliferation (data not shown). When con-
centrations were increased to the micromolar 
level, it significantly suppressed KGN cell prolif-
eration. Since G-1 has been reported to be a 
selective GPER agonist, we expected that 

knockdown of GPER in the KGN cell might 
stimulate KGN cell proliferation. Surprisingly, 
when we successfully knocked down GPER by 
RNA interference in KGN cells, we found that 
the proliferation of KGN cells was significantly 
attenuated. This result is consistent with the 
observation in human endometrial carcinoma 
cell lines KLE, which showed that depletion of 
GPER abolished estrogen-induced cell prolifera-
tion [34]. This knockdown result is also consis-
tent with previous observations that estrogen is 
a positive regulator of ovarian granulosa cell 
proliferation [35]. However, there is an obvious 

Figure 8. Effect of G-1 treatment on cell cycle progression in GPER negative HEK-293 cells. HEK-293 cells were incu-
bated for 16 h with control media (Control) or different concentrations of G-1 (500nM, 1µM or 2µM). Cells were fixed 
and processed for flow cytometry. Results are from a representative experiment. Similar results were obtained in at 
least two additional experiments. 
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discrepancy between the GPER knockdown data 
and the GPER agonist data. 
 
One possible explanation for this discrepancy is 
that G-1 may suppress KGN cell proliferation in 
a GPER-independent manner. To confirm this 
idea, we used GPER siRNA to knock down GPER 
in KGN cells and then stimulated KGN cells with 
G-1. Similar to the response in control cells, G-1 
treatment also caused GPER-knockdown cells 
to round up. These results strongly support our 
hypothesis that G-1 affects KGN cells activities 
in a GPER-independent manner. 
 
G15 was developed as a highly selective GPER 
antagonist with little to no binding activity to-
wards classical estrogen receptors [11]. G15 is 
able to block the ability of G-1 to mobilize of 
intracellular calcium and diminish GPER-
dependent PI3K activation in SKBR-3 breast 
cancer cells [11]. In vivo experiments showed 
that injection of G15 completely blocked G-1 
action on uterine epithelial cell proliferation 
[11]. Other studies have also provided evidence 
that G15 is able to block the action of G-1 in a 
variety of tissues and species [21-24], indicat-
ing that G15 is an effective GPER antagonist. 
Nevertheless, in the present study, G15, regard-

less of concentration (from 100nM to 4µM), did 
not block G-1-induced inhibition of KGN cell 
proliferation or G-1-induced G2/M cell cycle 
arrest. Cell viability assays showed that treat-
ment of KGN cells with G-1 reduced cell viability 
and induced apoptosis, as indicated by the sig-
nificant decrease in MTT metabolism and in-
crease in caspase 3/7 activity. However, pre-
treatment of KGN cells with G15 did not attenu-
ate their response to G-1. We have also found 
that G-1 suppressed proliferation of IGROV-1 
cells, an epithelial ovarian cancer cell line (data 
not shown). G15 did not block the inhibitory 
effect of G-1 on IGROV-1 cell proliferation even 
at concentrations 8-fold higher than that of G-1 
(data not shown). These findings support our 
hypothesis that G-1 suppresses proliferation of 
certain ovarian cancer cells in a GPER-
independent manner.  
 
The breast cancer cell line MDA-MB 231 was 
used by several groups to investigate the role of 
GPER on breast cancer cells because this cell 
either lacks or minimally expresses GPER [4, 
28, 29]. However, our studies show that this 
breast cancer cell line was more sensitive to the 
inhibitory effects of G-1 than KGN cells. Treat-
ment of MDA-MB 231 cells with G-1 lead to 

Figure 9. Effect of G-1 on the morphology and cell proliferation of MDA-MB 231 breast cancer cells. A) MDA-MB 231 
cells were treated with G-1 for 16 h and the morphology of the MDA-MB 231 breast cancer cells was recorded. Ctrl: 
cultured normal MDA-MB 231 breast cancer cells as negative control; G-1: G-1 (2µM) treated MDA-MB 231 cells; 
G15: G15 (8 µM) treated MDA-MB 231 cells; G-1+G15: G15 (8µM) plus G-1 (2µM) treated MDA-MB 231 cells; Scale 
bar: 50µm. B) MDA-MB 231 breast cancer cells were treated with increasing concentrations of GPER antagonist G15 
(0 – 8µM) for 4 h prior to treating with G-1 (2µM) for 36 h. Cell counts were determined and bars represent means ± 
SEM of at least 3 repeated experiments. Bars with different letters are significantly (p<0.05) different from each 
other. 
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rapid morphological changes and longer treat-
ment with G-1 led to a significant suppression of 
cell proliferation. G15, at concentrations several 
fold greater than that of G-1, did not reverse the 
inhibitory effect of G-1 on cell proliferation, fur-
ther suggesting that G-1 was acting in a GPER-
independent manner.  
 
HEK 293 cells do not express GPER mRNA and 
protein or ERα or ERβ [3, 25, 26]. This cell line 
has been used by several different groups to 
evaluate the function and mechanisms underly-
ing GPER mediation of estrogen action [3, 25, 
26]. We observed that this GPER-null cell line 
was also very sensitive to the inhibitory effects 
of G-1 on cell proliferation. Treatment of HEK 
293 cells with G-1 led to a rapid increase in cell 
rounding and a reduction in cell number (<20% 
of that of control). Further analysis showed that 
G-1 treatment also induced cell cycle arrest 
leading to apoptosis of this GPER-null cell. 
These findings provide additional support for 
our hypothesis that G-1 is capable of suppress-
ing cell proliferation in a GPER-independent 
manner.  
 
The mechanisms underlying G-1 suppression of 
ovarian and breast cancer cell proliferation are 
still unknown. A recent single study showed that 
ERα36, a 36 kDa variant of ERα, was able to 
mediate G-1 action in the induction of ERK1/2 
phosphorylation [6], suggesting that ERα36 was 
a potential mediator of G-1 action. However, in 
the present study, we showed that G-1 was able 
to suppress proliferation of HEK 293 cells, 
which are ERα, ERβ, ERα36 and GPER negative 
[3, 25, 26]; suggesting that molecules other 
than ER-α36 also exists in this cell line to medi-
ate G-1 action.  
 
In summary, our data show that GPER may be 
involved in the regulation of KGN cell prolifera-
tion. However, G-1, the putative GPER agonist, 
suppresses ovarian and breast cancer cell pro-
liferation and induces cell apoptosis in a GPER-
independent manner. The ability to inhibit prolif-
eration of tumor cells makes G-1 a promising 
candidate drug for ovarian and breast cancer 
therapy. The intracellular target and the mecha-
nism of G-1 inhibition of tumor cell proliferation 
and induction of tumor cell apoptosis require 
further investigation. 
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